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Purpose of Monitoring Why Monitor?

¢ Permit Requirements
m;[g@l Maximum Daily Loads (TMDLs)
i0" California Toxics Rule (CTR)
n ﬁlgatlon-dnven Projects
‘¢ Research
¢ Characterization Studies
¢ BMP:Pilot Studies

Fundamental goal of gathering additional and
supporting information




Sample

Representativeness D eﬁ n iti on

¢ Selected/Collected from the Population
~» s=Measures that are
| ¢ Precise

¢ Accurate
¢ Reliable
¢ Valid

¢ Defined Differently' Depending on/Agency/Organization
¢ Event'MeaniConcentration
¢ First-tlush grab

URS




Sample

Representativeness D eﬁ n iti on

Must Consider:

_ ¢ General Characteristics of Aqueous System "
54" Flow Modes

= s Intermittent

¢ Highly variable

¢ Base and peakflows
¢ Hydrologyandihydraulics

¢ Variability'ofiConstituent.Concentrations
¢ Time:(e:g: firstflush; whole event)

¢ Cross-section (e.g., turbulent/laminartiow; velogity;
density, lateral dispersion; stratification)

So that accurate conclusions or inferences can be
made about the population




Sample

Representativeness Sample Types

. Grab Sample: A discrete individual sample taken
g within a short period of time (usually —
less than 15 minutes) -

Gomposite Sample:* Sample comprised of a series or
individual aliquots that:have'been
combined/to reflectthe’eventmean
concentration (EMC) during the
sampling|period




Sample
Representativeness

Composite Sample

Constant Time - Constant Volume (T:V,)
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Constant Time - Volume Proportional to Flow Rate (T.Vyq)

A o

Equal volume samples are
taken at equal increments of
A time and composited
(Not aceptable for Storm Water
Permit Compliance)

Samples are taken at equal
increments of time and
A composited proportional to
flow rate at the time each
sample was collected
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Typical Caltrans Criteria

¢ Representativeness
».-¢.Personnel Safety
- & Site Access
¢ Equipment Security
¢ Flow Measurement Capability
¢ ElectricallPower and Telephone
¢ _Non-Caltrans Sources




Common Challenges

¢ Unsafe access to site

¢_Flow does not concentrate or

"t‘_;i;;-;:gan- not be rated

¢ _Commingling with other
runoff'sources

¢ Lack ofispace to house
equipment

¢ Sites are relatively'small'and
have small't, resultingiin

¢ low runoft volume

¢ short periods of runoft

URS




Common Challenges

Freeway characteristics and bad
driving habits affect monitoring

.. ¢ call box locations with soft shoulders
= “become depressed
~ ¢ _gopher:holes cause flow bypass

¢ trees shadow solar panels and rain
gauges

¢ driversitravelion shoulders

Future construction preciudes.iong-
term data collection

Monitored construction sites;are
dynamic

Snowfall regions;complicate site
access and monitoring

URS




Siting
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Solutions

¢ Plan on spending time in the field
¢ Check for accidents and crime with local agencies

"4 Check to see if construction is planned wnthm the X
~ _ watershed ~2

¢ Coordinate permitting early on

¢ Look for;sites that are greater than 1-acre

¢ Look for sites that can be .accessediaway from
traveled'way

¢ Look for sites where flow concentrates

¢-Check watershed for offsite runoff contribution

URS




Solutions

¢ Look for multiple- monitoring locations.at:
"+ ~construction sites

'o Avoid'conveyances with steep slopes (>5%)
¢ Avoid sites with gopher activity
¢ Avoidisites near call boxes

¢ Avoidisites where there is evidence of vehicles
travelling off'pavement

¢. Avoid sites near trees

URS




Planning and Logistics

Planning and Logistics-

» ¢ Jrained Staff ¢ Weather Traékihd. _'
“ 4 SAP ¢ Storm Selection Criteria:
'6 Laboratories ¢ EquipmentProgramming

¢ Sample Bottles and
Tubing

It pays to plan!!




Planning and Logistics Trained Staff

¢ Conduct field training
2 prior to each season

= t ‘Maintain‘a core group of
*team leaders

"¢ Havea |arge staff-pool
available

¢ Follow-upiany missed
events with team




Planning and Logistics

Sampling and Analysis Plan

Project:Description, Organization, ¢ Quality Assurance/Quality
and Responsibilities Control

%, Mopitoring Site(s) ¢ Laboratory SampleiPreparation
) Analytical Gonstituents a:od &“;'ﬁ'gﬁ Method§ N
iData Quality,Objectives (DQOs) f)ata Managlment e 2 o
o ot i
Logist csg R Appendices:

: / ¢ Clean'Samplingdechniques
::Lngleelig::;e&:)ogi:lareservatlon, and Equipment;Cleaning

122.21/122:26) Protocols
¢ Health'and'Satety’Plan

(HSP)

A Sampling and Analysis Plan is a must!!

URS




Planning and Logistics

Laboratories

¢ Inform lab of QA/QC requirements (e.g:, DLs)
¢ Establish reporting requirements and formats early on
"4 Look for labs that are available 24/7 |
- ¢ Lookfor full-service lab
¢ bottle and tubing cleaning

¢ customized coolers
¢ compositing

¢ Splitting

¢ QA/QC

URS




Planning and Logistics

Laboratories

»_Expect to work closely with lab
¢t Keep the lab informed of
upcoming events

¢ Keep track of'samples and
when results;are expected I

¢ Provide labadequatetime to
re-supply bottles, etc. o

—
- —
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Planning and Logistics

Sample Bottles and Tubing

¢ Must be chemical resistant
¢ Material won’t contaminate
» .~ Sample
e “Teflon and borosilicate glass are
~ sacceptable
%, Decontamination performed by

lab

Blanking required to confirm
equipmentis “cleanbefore use

Extra bottles for back-to-back

events /. \

Custom coolers to prevent bottle
breakage

URS




Planning and Logistics
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Planning and Logistics

Storm Selection Criteria

Tasks
* Monitor weather reports every 24 hours
* Verify operation of monitoring equipment
+ Alert analytical laboratory and Caltrans
* Alert field teams of action level change
+ Verify availability of field teams

Tasks
* Monitor weather reports every 6 hours
or more frequently as storm approaches
* Alert field teams of action level change
and probable time of storm
* Prepare monitoring equipment for
sampling and/or observations

Decision: “”GO” or “NO GO” for Storm

Post-Storm Tasks Tasks

 Demobilize field team « Demobilize field teams . Mon!tPr w.eather reports as needed
+ Prepare for next storm * Split composite samples for field duplicates * Mobilize field teams
+ Label and log samples on chain-of-custody form
* Ensure timely delivery to analytical
laboratory/ship samples
« Complete field notes
+ Prepare for next storm - inventory/clean/organize/
replace equipment as necessary
* Analyze samples




Planning and Logistics

Equipment Programming

| Sampler pacing based on:
Z% Predicted rainfall

! Tributary area

¢ Runoff coefficient

¢ Number of aliquots

¢ Requiredsample volume




Planning and Logistics

Equipment Programming

Challenges:
¢ Predicted rainfall not accurate

¢ Tributary area not precisely known
< ¢ Inaccurate as-builts
¢ sub:-basin crests not determined
=% Runofficoefficient:“C"varies
stormisize
storm duration
rainfalliintensity
antecedentidry period
publishedvalues;ofiC based on'5- to“10-year. storm events
infiltration/ponding throughipavement.cracks, seems, depressions
¢ - Small watersheds
¢ shortirunoff:periods
¢ limited/runoff volume

¢ Sample aliquot collection rate (typically’2'to 4 minutes)

URS




Planning and Logistics

Equipment Programming

Solutions:

¢ Don't rely on one forecast...use many sources

¢ Program equipment based on last possible QPF
%) Survey the watershed
¢

Verity tributary area during rainfall by observing flow
patterns/paths

frackirunoffvoelume per depth, of rainfall

¢ Visually.evaluate andiintegrate antecedent conditionsjinto
runoffivolume estimates

Targetfewer'sample aliquotsi(i.e;, increase samplerpacingfand
aliquotolume)'for:

¢ small'watersheds

¢ short duration events

¢ small'storms

URS




Solutions:

Planning and Logistics

Equipment Programming

"4

¢ Target maximum number of aliquots to fill sample bottle

¢ Recognize that a shake

S required

-out period during initial storms maiy be

M:‘u,_..-.—--

¢ Mobilize field teams to change out bottles if rain or; rung
exceeds forecasts

"
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Equipment Selection

and Installation

Automated Sample Collection

¢ Technique for“unattended”
sampling

¢ Requires: =~ &
¢ intensive planmng

¢ careful momtormg pomt
selection R S s

¢ appropriate eqmpment

_

selection
¢ QAIQG |
¢ Consider discharge homogeneity:
¢'physical
¢ chemical
¢ biological

Don’t be fooled...auto samplers are not fully automatic!!




Equipment Selection

aea et Automated Sample Collection

Challenges:
_¢_Faulty electronic and physical components; =
W Limited'suction lift
stimproper.installation and programming
¢ Improper sample intake positioning

¢_Limited/constrained intake and transport
velocities

¢ Sample volume:deviations
¢ Unable to sample low flows

URS




Equipment Selection

aea et Automated Sample Collection

Challenges:

¢. Intake blockage and line
~=plugging

o.___]:ubmg distortion and kinks
¢ Tubing wear

¢ Sampling stagnant water

¢ Tubing,damage by rodents

¢ Insufficient number of:aliquots, .
¢ Insufficient % storm capture

¢ Sampler can’t keep up with
pacing

URS




Equipment Selection

aea et Automated Sample Collection

Solutions:
»_¢ Follow manufacturer’s instructions
=% Work closely with manufacturer
¢ Double-check connections
¢ Checkfor.no air bubbles in tubing
¢ Locate intake away from high sediment areas

¢ Maintain an upward'sweep of sampling tube from
intake

¢ Encase tubing in.conduit

¢ ldeally use auto samplers where discharge velocnty
equals sample intake velocity




Equipment Selection |
il Automated Sample Collection

Solutions:

¢ Remove sediment from around intake before storm
= cevents

| 6 Locate intake downstream of confluence in well mlxed
~ Zones

¢ Position intake in straight line of conveyance
¢ Position intake at;point of maximum turbulence ™

¢ Use intakes with orifices large.enough todraw:in
largest particle

¢ -Use intakes with orifices'small enough to assure
adequate transport velocity

URS




Equipment Selection

aeneci Automated Sample Collection
Solutions:

¢ Directintake into flow £ 20
- ﬂdggrees

¢ Use low-flow.intakes for
“sShallow flows

¢ Minimize cross-section
exposureiofiintake to limit
conveyance obstruction

¢ Minimize vertical distance from sampler; and mtake (201t max)
¢ Minimize tubing/length

¢ Calibrate sample volume

¢ Carefully estimate expected storm volume

URS




Equipment Selection

and Installation Flow Measurement

Necessary to collect representative
flow-weighted composite sample

Used'to calculate mass loading

- “Used to assess rainfall/runoff
*relationship

*Primarydevice accuracy dependent on: | 1 iU

¢ selectioniofidevice
¢, care offabrication andiinstallation
¢. calibrationiandianalysis

¢ properoperationwith'adequate
iInspection and maintenance

¢ X 5% accuracy under ideal conditions

¢ X 10% accuracy typically obtained,in
field when properly constructed
calibrated andimaintained

URS




Equipment Selection

and Installation Flow Measurement

Challenges:
- ¢ Low flows (depth and velocity)
% Flow meter probe covered with sediment
~ ¢ _Flow meterprobe covered with ice _ —
Uniformiflow not established in existingconveyance

Corrugated metal pipe ridging causes turbulence

Poor'mass balance between influent and effiuent:BMP.
Pilot. monitoring stations

Some primary’devices cause excessive upstream
ponding
Backwater condition exists atmonitoring location

URS




Equipment Selection

~and Installation Flow Measurement
Solutions:

¢ Device Selection

¢ Use primary devices where possible

Qo.@use AV bubblers when backwater
S conditions'exist

a8y Selectidevice that is accurate over range of
expected flows

Select device that can.be installed in the

conveyance

Select'deviceithatis appropriate'forlocation
(e:0., power, submersible; etc.) Isco Open Channel

¢ Work closely'with'equipment manufacturer, Flow Measurement

¢ -Use similar.device upstream and ook
downstream of BMP Pilots Finn Egan

Avoid flumes that cause ponding water By Doupiss 36 Shaatie
upstream RETSi U g

Purchase pre-fabricated primary devices

URS




Equipment Selection

and Installation Flow Measurement
Solutions:

¢ _Installation:

= 4¥Avoid sites with sediment deposits ;.
~ ¢ Installiatilocation where flow is
= laminar

¢ Installiflumes'to'allow free-flowing SRSy ——%

water
¢ Fixleaks'orlbypasses

¢ Squarely.installiand’levelprimary
devices

¢ Make sure alliconnections are tight
¢ Calibrate

URS




Equipment Selection

and Installation Flow Measurement

Solutions:

¢ Field Evaluation: _
= 2% ¢ Look for excessive flows submerging device®
' s ook for flows outside of accuracy ranges i,
¢ Repairleaks and/or bypasses Bl

¢ Minimize turbulence
¢, Remoye any solids accumulationrand obstructions

¢ Check'that correct factor/formula is,used to convert
head'to flow rate

¢ Visually check head measurements and compare
with flow meter readings; level adjust if’'necessary

URS




Sampling and Analysis

Sampling and Analysis

Challenges:
¢ False-events
"~ $¥Collecting representative TSS data
. lemperature extremes
¢ Equipment failure
¢ Verifying data is representative




Sampling and Analysis

False Events

Solutions:

¢ Carefully evaluate site hydrology
"~ 4*Develop mobilization criteria

. Use multiple forecast sources

¢ Wait until last possible moment:to make
mobilization decision

¢ Budget for false events




Sampling and Analysis

TSS Samples

Solutions:
¢ Sample from well mixed zone
»_¢" Avoid locations that can block intake
%" Properly position sample intake

% If possible; capture all ____ F e .
runoff:and sediment — -@:

(mass-balance approach)

Analyze sample using
SuspendediSediment
Concentration (SSC)
analysis ASTMD 3977-97

URS




Sampling and Analysis

Temperature Extremes

Solutions:

¢ Use metal housings and place in open areas in cold
environments

- -+ “Insulate enclosures and tubing

e Mamtam an upward sweep of sampling tube from
intake

c 'Remoyeicy bundup around probes and strainer prlor
to'each event'using warm water

Use heatedrainigauges

Obtainrainfallidataifrom NWS or: affiliate

Forecast temperature'so that |
snowmeltican:be predicted AT R b

Mark-equipment;for'snow e i
maintenance crews

Remoye equipment fromienclosures
during summer:months

URS
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Sampling and Analysis

Equipment Failure

Solutions:

¢ Perform pre-storm maintenance and
»calibration

2 "Be onsite during events
gHave backup batteries-on hand
Perform real-fimeitrouble-shooting
Use 24-hour:technical support services

Document’and inform stafi of lessons-
learned

¢ Segregate faulty equipment
¢ Purchase backupequipment

Expect to have equipment
failure...electronics and water don’t mix!!




Sampling and Analysis

Verify Data Representativeness

Solutions:

¢ Evaluate storm total

4mEvaluate number of collected aliquots

" Evaluate sample history

$ Evaluate)%,storm capture

o Reviewlevent hydrograph and hyetograph
. Collect QC samples

¢ EieldiDuplicates

¢ Laboratory Replicates £ - |

¢, MSIMSDs =" XORHRX X X Y Y%
¢ Blanks o \ :
Adhere to'holding times L ﬁ hepef M :

13:50 15:02 16:14 17:26 18:38 19:50 21:02 22:14

Validate data

URS
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Questions/Answers




